Infection by some types of human papillomavirus (HPV) is associated with the development of cervical cancer. Analysis of viral DNA from cervical tumours shows that the E2 gene is frequently disrupted during integration into the host cell's DNA. It has therefore been suggested that loss of E2p is an important step in malignant transformation. Expression of E2p in the ®ssion yeast Schizosaccharomyces pombe retards the G2-M transition, by delaying activation of Cdc2p kinase. In contrast, S phase progression, and commitment to cell division in late G1 are not aected. The delay is independent of the transcriptional trans-activation function of E2p, and does not result from E2p DNA binding mimicking DNA damage. Increased expression of E2p also delays mitotic initiation in mammalian cells. S. pombe may thus provide a simple model for the analysis of E2p function.
Introduction
Cervical carcinoma is one of the leading causes of death from cancer among women. Infection with certain types of human papillomavirus (HPV) is associated with both cervical cancer and its precursor lesion, cervical intraepithelial neoplasia (CIN). It has been reported that HPV DNA is detectable in more than 93% of invasive cervical cancers world-wide (Bosch et al., 1995; Matsukura and Sugase, 1995) . Of the dierent HPV types found associated with tumours, HPV16 is the most prevalent, representing about 50% of infections (zur Hausen, 1991) .
HPV16 is thought to infect the basal epithelial cells, and its DNA is usually maintained as an episome. Expression of the early genes E1, E2, E5, E6, and E7 leads to a cellular environment which is favourable for viral DNA replication: E6 and E7 bind to p53 and pRb, respectively, while E5 activates the EGF-receptor, signalling cell proliferation (Schener et al., 1990; Dyson et al., 1989) . The E2 gene product (E2p) regulates viral transcription via binding to palindromic DNA sequences present in the upstream regulatory region (URR) of the viral DNA (Ushikai et al., 1994; Tan et al., 1994; Steger and Corbach, 1997) . E2p also acts in the initiation of viral DNA replication in concert with E1 and cellular replication factors (Chiang et al., 1992) . E2p contains two domains that are relatively well conserved between dierent HPV types, separated by a non-conserved region called the`hinge' (Giri and Yaniv, 1988) . The amino-terminal part of E2p is required for transcriptional transactivation, replication, and association with E1 (Benson and Howley, 1995) , while the carboxy-terminal region is responsible for dimerization of the protein and its sequence-speci®c binding to DNA (Androphy et al., 1987) .
When expressed in HeLa cells, E2p can suppress cellular proliferation (Dowhanick et al., 1995; Desaintes et al., 1997) , which is thought to be mainly due to repression of the expression of the integrated HPV E6 and E7 genes. Moreover, E2p is also able to inhibit cell cycle progression in HPV-negative cells (Frattini et al., 1997) . These data suggest that E2p inhibits cell proliferation, although the mechanism is not yet clear. Consistent with this, in most cervical cancers which contain integrated HPV DNA, viral insertion into the host cell's DNA results in the disruption of the E2 open reading frame (Cullen et al., 1991; Vernon et al., 1997; Daniel et al., 1997) .
We are studying E2p function to determine how it aects cell cycle progression. Many elements of the basic cell cycle machinery have been conserved during evolution. Attempts to produce stable E2p-expressing cell lines have not been successful to date, probably because strong expression of E2p inhibits cellular proliferation. Therefore E2p was expressed in a more simple eukaryotic system, the ®ssion yeast S. pombe. We have found that, as in higher eukaryotic cells, E2p inhibits cell proliferation in yeast, by delaying entry into mitosis. This system provides a simple method for selecting E2 mutants, and may give insights as to how E2p regulates cell division in higher eukaryotic cells.
Results

Cell cycle progression in S. pombe is delayed by expression of HPV16 E2p
To study the eect of the HPV16 E2p on the cell division cycle of S. pombe, the E2 ORF was transfected into S. pombe cells under the control of the thiamine-repressible nmt1 promoter (Maundrell, 1990 ; see Materials and methods). Samples were collected at various times following induction of E2 in wild-type cells. Cell number was monitored to determine the eect upon cell proliferation. In addition, the DNA content was analysed by FACS analysis, and cells were stained with DAPI to examine the nuclei, and Calco¯uor to determine the number of dividing (septated) cells. The nmt1 promoter reaches maximal activity about 18 h after induction (approximately 4.5 generations at 258C); before this, expression is very low (Maundrell, 1990) . At this time, there was a transient arrest of cell division (Figure 1a) , lasting approximately one cell cycle (4 h at 258C). Cells then resumed division at a reduced rate. Examination of the cells showed that they had a single nucleus, with 2C DNA content (Figure 1b and c), consistent with a delay in initiation of mitosis (note that during exponential growth of S. pombe, the majority of cells are in G2 and the G1 phase of the cell cycle is short, so that only a single 2C DNA content peak corresponding to G2 cells is observed. The small 1C peak observed in induced and uninduced cells is due to cells which have lost the plasmid, and growth-arrested in G1 due to starvation caused by loss of the plasmid-borne LEU2 gene). During the period of cell cycle arrest, the cells displayed the usual rod-like morphology, but comparison with the uninduced control revealed that the cells were elongated (Figure 1b) , and that there were very few mitotic or dividing (septated) cells. The presence of elongated cells indicated that only division, and not growth was impaired. Note that the uneven distribution of cell lengths re¯ects the fact that induction occurs in an asynchronous population, therefore cells will have spent dierent lengths of time at the arrest point.
Therefore, we conclude that expression of HPV16 E2p in Schizosaccharomyces pombe results in a cell cycle delay. Since the cells continued to grow in size, their metabolism was not blocked by E2. However, nuclear and cellular division did not occur when the cell size reached 15 mm as they did in the uninduced control.
Expression of E2p does not delay the G1-S transition or S phase progression
Since the G2 phase of the S. pombe cell cycle is long, it was possible that an arrest at other stages of the cell cycle would be masked by the large number of G2 cells. Cells were therefore arrested in late G1 by the addition of hydroxyurea (HU). The induction was timed such that E2p expression would occur while cells were at the arrest point. After removal of the HU, cells entered S phase with the same kinetics, whether E2p expression had been induced or not (Figure 2 ). This demonstrates that E2p does not interfere with S phase progression.
Cells were also arrested in G1 before commitment to the cell cycle, by inactivation of the transcription factor encoded by cdc10. Release from the cdc10 block occurred with similar kinetics whether E2p was expressed or not, indicating that E2p does not interfere with entry into the cell cycle (data not shown). Thus, the cell cycle delay imposed by E2p is speci®c for the G2/M transition.
Expression of E2p delays the G2-M transition
To investigate further the nature of the G2-M delay imposed by E2p, cells were blocked in late G2 by using the heat-sensitive cdc25-22 mutant and released in the presence of E2p. At the restrictive temperature of 368C, this mutant is blocked in late G2 because the cdc25 activity is lost. Under normal conditions, cells released from this block enter mitosis synchronously (Moreno et al., 1989) . In cells not expressing E2p, Cdc2p kinase activity peaked 30 min after release of the block, followed by anaphase and septation at approximately 45 and 90 min respectively (Figure 3a and b). In contrast, in the cells expressing E2p, activation of the Cdc2p kinase was delayed and no discrete peak of Cdc2p kinase was observed (Figure 3a and b). The percentage of cells entering anaphase and later septation was much lower, and also delayed in time compared to the uninduced control, probably due to the delay in activation of Cdc2p. Immunoprecipitation of the Cdc2p/Cdc13p complex followed by Western blotting, did not reveal the presence of any E2p. Thus, under conditions which preserve the Cdc2p/Cdc13p complex, no E2p is associated with the complex (data not shown). These data therefore show that HPV16 E2p delays the onset of mitosis, by delaying the activation of Cdc2p kinase. This does not appear to be due to direct binding of E2p to the Cdc2p kinase complex. 
E2p does not inhibit the transcription of cdc25
E2p is known to be a transcription factor, which can positively or negatively regulate gene expression. Therefore, one mechanism by which E2p could delay the onset of mitosis is by interfering with the transcription of a gene involved in that process. Examination of the genomic cdc25 sequence indicated that the 5' regulatory sequence of the gene contained a close match (ACCN 6 GCT) to the consensus E2p DNA binding site (ACCN 6 GGT; Tan et al., 1994) . It is known that the steady state level of the cdc25 mRNA peaks in late G2 (Moreno et al., 1990) , and that increased expression of cdc25 advances the onset of mitosis (Russell and Nurse, 1986) . Thus, by downregulating the transcription of the cdc25 gene, E2p could reduce the amount of Cdc25p and delay activation of the Cdc2p/Cdc13p complex. Therefore, the level of cdc25 mRNA was analysed by Northern blotting at various times after the induction of E2p, and normalized to the ura4 transcript ( Figure 3c) . The cdc25 mRNA level increased approximately fourfold following induction of E2p expression. The high level of cdc25 transcript was most likely a consequence of the G2-M block imposed by E2p on the cells. These data are consistent with previous studies, which demonstrated that the Cdc25p is present at an elevated level in cells arrested in late G2 (Creanor and Mitchison, 1996) . Thus, it does not appear that E2p expression delays cell cycle progression by downregulating the transcription of cdc25. Further analysis indicated that the mRNA levels of the cdc2, cdc13, wee1, nim1 and pyp1 genes, all of which are implicated in regulating the onset of mitosis, did not change signi®cantly in response to E2p expression (data not shown).
To determine whether the transcription-activation domain was necessary for cell cycle arrest the mutant E2p(173A) was expressed in cdc25-22 cells. Expression of this mutant, which is defective in transactivation (Sakai et al., 1996) , caused a cell cycle arrest indistinguishable from the wild-type E2p (compare Figure 4a and b) , indicating that the ability to activate transcription was not required for the cell cycle arrest.
Mutants altered in regulation of the G2-M transition are dierentially sensitive to E2p
In the course of the experiments described above, it was noted that cdc25-22 mutant cells were very sensitive to E2p expression at the permissive tempera- Figure 2 Expression of E2p does not interfere with S phase progression. Expression of E2p was induced at 258C, and HU added to 12 mM 11 h later (exp). After 8 h, when cells were arrested in G1 (0), HU was washed out, and progression into S phase was monitored by FACS at the times indicated. An uninduced culture, treated in parallel, served as control Expression of E2p was induced in cdc25-22 at 258C for 14 h, and then the cells were shifted to 368C for 4 h. After rapid cooling to 258C, samples were taken at intervals and protein extracts were assayed for Cdc2p kinase (a). Cells were also stained with DAPI and Calco¯uor to determine the percentage of mitotic and septated cells, respectively (b). An uninduced culture, processed in parallel, served as a control. (c) Expression of E2p was induced in cdc25-22 at 258C and samples were taken at intervals thereafter. Total RNA was extracted from cells and the level of cdc25 mRNA analysed by Northern blotting. An induced culture served as a control E2 expression in fission yeast N Fournier et al ture. In contrast to wild-type cells, which resumed division after a transient arrest (Figure 1a ), cdc25-22 cells remained arrested for much longer after E2p induction (Figure 4b) . Microscopy of the arrested cells revealed that they were much longer than wild-type (Figure 4c) , consistent with the tighter arrest. Therefore, a number of other mitotic mutants were also tested for their sensitivity to E2p. It was found that cdc2-17 and cdc13-117, which like cdc25-22, display a slight delay upon entry into mitosis even at the permissive temperature, also showed a much tighter arrest than wild-type cells at 258C (data not shown). In contrast, the mutants wee1-50, cdc2.3w, and cdc2.1w, in which the onset of mitosis is advanced compared to wild-type cells, all showed a markedly reduced sensitivity to E2p expression. Whereas a transient cell cycle arrest was produced in wild-type cells, none was observed following induction of E2p in these mutants (Figure 4d ), though the cells divided at a slightly reduced rate compared with the uninduced control (note that the`wee' mutants of cdc2 initiate mitosis at 60 ± 70% of wild-type size at all temperatures (Nurse and Thuriaux, 1980) , while at 258C wee1-50 initiates nuclear division at about 80% of wild-type size (Nurse, 1975) ). Thus, in mutants where Cdc2p kinase activity is relatively insensitive to elements of the normal regulation mechanism (cdc2.1w and cdc2.3w), or where the kinase is activated prematurely (wee1-50), E2p does not induce a cell cycle arrest.
The cell cycle arrest induced by E2p is independent of the DNA structure checkpoint kinase Rad3p
Since E2p is known to bind DNA, it was possible that an excess of the protein bound to DNA could produce aberrant structures that are recognized as lesions by the checkpoint machinery, producing a cell cycle arrest (reviewed by Elledge, 1996) . Since checkpoints adapt after a certain period of time, this could explain the resumption of division after a certain lag period. To test this hypothesis, E2p was expressed in a rad3-136 mutant. Rad3p is a key element in transduction of the checkpoint signal; its loss abolishes the ability to respond to DNA damage, and also to sense whether DNA replication has been completed (al-Khodairy and Carr, 1992) . It was observed that a transient cell cycle arrest was still produced, that was similar to that seen following E2p expression in wild-type cells (not shown). Therefore, the arrest is not produced by E2p binding to DNA, mimicking DNA damage, and thus activating the DNA structure checkpoint.
E2p delays the entry of mammalian cells into mitosis
E2p binds to sites in HPV long control region DNA and reduces the expression of the E6 and E7 oncoproteins. This can induce a G1/S phase block in cells containing HPV DNA (Desaintes et al., 1997) . E2p has also been reported to aect mitosis (Frattini et al., 1997) . In order to test whether E2p can delay the entry of mammalian cells into mitosis, 14/2 cells (rat cells immortalized by HPV16 E7 under the control of an MMTV promoter) were synchronized using a double thymidine block. The E2 protein, or as a control, green¯uorescent protein, were introduced Figure 4 Mitotic mutants display dierential sensitivity to E2p. Expression of E2p or E2p(173A) was induced in the indicated mutants at 258C, the permissive temperature (except cdc13-117 where 298C was used as permissive; Hagan et al. (1988) . Cell number was determined at intervals thereafter, and cells were also stained with DAPI and Calco¯uor to examine their morphology. The results for cdc25-22 expressing E2(173A) (a) or E2 (b) and cdc2.1w expressing E2 (d) are shown. The results for cdc2-17 and cdc13-117 are similar to those for cdc25-22, while those for wee1-50 and cdc2.3w are similar to those obtained for cdc2.1w. An uninduced culture of each strain, treated in parallel, served as a control. (c) shows cdc25-22 cells expressing E2, 22 h after induction. The scale bar corresponds to 10 microns Figure 5 Cell cycle progression of 14/2 cells in the presence or absence of E2p. Cells were synchronized using a double thymidine block, infected with adenoviral vectors expressing either E2 or green¯uorescent protein, then released. Samples were taken 0, 5, 10 and 15 h after release, ®xed and the FACS pro®les determined as described in the Materials and methods
E2 expression in fission yeast
N Fournier et al using adenoviral vectors and the cells released and allowed to progress through the cell cycle. At dierent times, cells were harvested and the DNA content analysed by FACS. The control cells were observed ( Figure 5 ) to cycle normally, and were back in the G1 phase 10 ± 15 h after release. In contrast, the majority of the E2p-containing cells did not enter mitosis and after 15 h they had accumulated in the G2 phase. Similar results were obtained with a human keratinocyte cell line immortalized by HPV16 E6 and E7 under the control of a MuLV promoter and with Saos-2 cells which are not known to contain HPV DNA (not shown). We conclude that E2p retards or blocks the G2/M transition in these cells, independently of the E2 binding sites in the HPV long control region.
Discussion
In this study, the eect of the HPV16 E2 protein on the cell cycle of S. pombe has been investigated. E2p was shown to transiently arrest the cell cycle speci®cally at the G2-M transition, as a result of a delay in the activation of Cdc2p kinase. High levels of E2p did not aect traverse of either the G1-S START transition or progression through S phase. E2p does not bind to immuno-precipitated Cdc2p/Cdc13p complexes under the conditions we have used.
Although the possibility of a physical association between E2p and the complex cannot be ruled out completely, E2p does not appear to be a direct inhibitor of the complex, in the manner of Rum1p (Correa-Bordes and Nurse, 1995) . The delay imposed by E2p is also independent of Rad3p protein kinase, which is a key component of the DNA structure checkpoint. An E2p mutant defective in transcriptional transactivation also caused a cell cycle arrest similar to the wild-type E2p, thus the delay in activation of Cdc2p appears to be independent of transcriptional regulation by E2p. Consistent with this, no change was observed in transcription of any of the key regulators of mitosis which were tested (cdc2, cdc13, nim1 and pyp1).
It is possible that E2p binds directly to either Cdc25p or Wee1p, inhibiting or activating them, respectively. However, this is unlikely in view of the behaviour of cdc2.3w and cdc2.1w mutants in response to E2p. It has been demonstrated that Cdc2.1wp is relatively insensitive to inhibition by Wee1p, but requires Cdc25p for activation, while Cdc2.3wp no longer requires Cdc25p for activation, but still retains sensitivity to Wee1p inhibition (Russell and Nurse, 1987) . Here, it has been demonstrated that both cdc2w mutants are markedly less sensitive than wild-type to E2p. If the cell cycle arrest were due to activation of Wee1p, then cdc2.3w would be expected to show a delay, while if the arrest were due to inactivation of Cdc25p, cdc2.1w would be expected to show a delay. The onset of mitosis is also regulated in response to changes in the nutritional status of the cell, or to environmental stresses (Shiozaki et al., 1997) . It is possible that the E2p-induced cell cycle delay is produced by triggering this signalling cascade, which impinges directly upon the activation of Cdc2p by in¯uencing Cdc25p and Wee1p activities simultaneously.
Previous studies have suggested that ectopic expression of E2p in cultured mammalian cells can in¯uence cell cycle progression. In HeLa cells which contain integrated HPV18 DNA, expression of E2p produces a G1 arrest, followed by apoptosis. This is largely due to down-regulation of E6 and E7 gene expression by E2p (Desaintes et al., 1997) . In primary keratinocytes, or a line containing episomal HPV31 DNA, E2p was reported to aect the mitotic checkpoint while allowing re-replication of DNA to occur, leading to an increase in ploidy (Frattini et al., 1997) . No change in the overall level of Cdc2p/cyclin B kinase activity was observed. Here, we have found that E2p causes mouse and human cells to accumulate in the G2 phase and that this does not depend on the E2 binding sites in HPV DNA. E2p thus aects the G2/M transition in both yeast and mammalian cells.
In our study, induction of E2p in S. pombe prevented activation of Cdc2p kinase, but did not produce re-replication of the genome. This may be explained by the model of Stern and Nurse (1996) , which proposes that once Cdc2p kinase activity has increased to a level that will bring about S phase, passage through mitosis and complete inactivation of Cdc2p/cyclin B is required before another round of S phase can occur. It is proposed that this mechanism assures alternation of S phase and mitosis in S. pombe where there is only a single cdk catalytic subunit (Cdc2p) for both the major cell cycle transitions. Thus, if entry into mitosis is delayed, but Cdc2p remains at interphase levels (as is the case, see Figure 3b ), no rereplication can occur.
Though the results obtained in the two systems bear some similarity, it is not yet clear either in ®ssion yeast, or mammalian cells, exactly how E2p expression delays entry into mitosis. Further investigation will be required to determine whether the onset of mitosis is prevented by the same mechanisms. The ability to regulate the expression of E2p very tightly in ®ssion yeast oers the possibility to use this system as a tool to select mutants of E2p which are altered in their potency as inhibitors of cell cycle progression. They could then be introduced into cultured cells, and the biological consequences of the mutation assessed. Selection of yeast cells that are resistant to E2p may also provide a means to identify the mechanism of the cell cycle arrest.
What purpose could the anti-proliferative function of E2p play in the viral life-cycle? The expression of viral genes is tightly linked to the dierentiation state of the infected cell as it migrates to the upper layers of the strati®ed epithelium. At early times after infection, the viral E5, E6, and E7 genes cause the dierentiating cell to re-enter the cell cycle and allow the virus to replicate its DNA, while suppressing p53-mediated apoptosis. However, the late genes L1 and L2, which encode the viral capsid proteins, can only be expressed as the host cell reaches the ®nal stages of differentiation (Salzman and Howley, 1987) . Thus, completion of the viral life cycle requires resolution of con¯icting requirements: entry into S phase is required for viral DNA replication, yet cellular dierentiation is needed for production of the capsid proteins. It therefore appears that proliferation of the infected cell must be restricted to allow it to complete its dierentiation program. This role may be ful®lled by the anti-E2 expression in fission yeast N Fournier et al proliferative function of the E2 protein. This is also consistent with the observation that E2p function is lost at very high frequency in HPV16-induced tumours.
Materials and methods
Yeast techniques
General methods for growth and study of ®ssion yeast were performed as described (Moreno et al., 1991) . A list of strains used is given in Table 1 . Transformation of S. pombe cells was performed by the lithium acetate method (Okazaki et al., 1990) . The E2 and E2(173A) were cloned into pREP3 expression vector, under the control of the thiaminerepressible nmt1 promoter (Maundrell, 1990) . Cells were grown in EMM2 minimal medium containing 2 mM thiamine. To induce expression, early-mid log-phase cells were washed twice in sterile water and re-inoculated into medium lacking thiamine. Expression of wild-type and mutant E2 proteins was con®rmed by Western blotting (data not shown). To analyse the division of a population, cells were grown to midexponential phase and samples were ®xed in salineformaldehyde. After sonication, cell number was measured with a Coulter counter.
Arrest-release experiments were performed by addition of 12 mM hydroxyurea (HU) to the growth medium for 8 h, then cells were washed and re-inoculated into fresh medium. Temperature sensitive mutants (cdc10-V50 or cdc25-22) were blocked at the restrictive temperature of 368C for 6 or 4 h respectively, then released by shifting back to the permissive temperature of 258C.
Protein extract, immunoprecipitation and Western blotting
Protein extracts were prepared according to a modi®ed version of the method previously described by Fankhauser and Simanis (1994) . Cells were collected and washed in icecold STOP solution (150 mM NaCl, 1 mM NaN 3 , 10 mM EDTA, 50 mM NaF). All steps in protein extraction and immunoprecipitations were done at 48C, using standard procedures (Harlow and Lane, 1988) . Cells were broken by vortexing 2 min with acid washed glass beads (Sigma) in a modi®ed extraction buer (60 mM b-glycerolphosphate, 25 mM MOPS pH 7.2, 15 mM MgCl 2 , 15 mM EGTA, 1 mM DTT, 100 mM NaVnO 4 , 1 mM PMSF, 20 mg/ml leupeptin, 40 mg/ml aprotinin). After centrifugation, the protein concentration of the cleared cell extract was determined using the BioRad Protein Assay Kit.
Immunoprecipitations were performed as described by Fankhauser and Simanis (1994) . Cdc2 was immunoprecipitated using the polyclonal rabbit antiserum PN24 (Simanis and Nurse, 1986) . SDS ± PAGE and Western blots were performed on Protan nitro-cellulose (Schleicher and Schuell) as described by Harlow and Lane (1988) . E2 was detected with the mouse monoclonal antibody TVG261 (Hibma et al., 1995) . Secondary antibodies were HRP-conjugated antimouse or anti-rabbit and detected with ECL.
Histone H1 kinase assay
For kinase assays, 2610 8 cells were collected and protein extracts were prepared as described previously. Histone H1 (Boehringer Mannheim) was used as substrate. Two mg of protein extract were resuspended in 20 ml of extraction Buer (Moreno et al., 1989) containing 1 mg/ml Histone H1 and 40 mC 1/ml [g-32 P]ATP. After 20 min incubation at 378C, the reactions were stopped with 20 ml of 26SDS Sample Buer and denatured at 958C for 3 min. Samples were run on 12% SDS ± polyacrylamide gel and phosphorylated Histone H1 was detected by autoradiography and quanti®ed using a Phosphor-Imager.
Microscopy and FACS analysis
Cells were ®xed with 70% ethanol. Nuclei and septa were stained with DAPI (4' ± 6' diamidino-2-phenylindol, Sigma) and Calco¯uor (Fluorescent brightener N828, Sigma), as described in Moreno et al. (1991) . Photographs were taken using a Zeiss Axiophot microscope with 6100 objective onto Kodak Tri-X Pan ®lm and processed according to the manufacturer's protocol.
FACS analysis was performed with 10 8 cells. Cells were ®xed, treated for 6 h with 0.2 mg/ml RNase A, and stained with 2 mg/ml propidium iodide, as described in Costello et al. (1986) .
RNA preparation and Northern blotting
RNA was prepared with Qiagen RNeasy kit according to the manufacturer's instructions for total RNA minipreps from yeast. RNA was run on a formaldehyde gel, blotted to an Hybond N + nylon membrane (Amersham). Pre-hybridization and hybridization were performed at 428C according to Sambrook et al. (1989) . Transcripts were detected by autoradiography after a 4 ± 5 days exposure or quanti®ed with a Phosphor-Imager.
Mammalian cell cycle analysis
14/2 cells, which are baby rat kidney epithelial cells containing the HPV16 E7 gene downstream of a MMTV promoter, were kindly provided by Dr L Banks, Trieste. For cell cycle studies, cells were synchronized by release from a double thymidine block. During the period between the two blocks, cells were infected with recombinant adenoviral vectors containing either the HPV16 E2 gene or the gene for green¯uorescent protein inserted into the early region. The multiplicity of infection used was 35 and control experiments showed that essentially all the cells were infected as judged from the green¯uorescent protein signal. The adenoviral vectors had been prepared essentially as described by Hitt et al. (1994) and the production of E2p con®rmed by Western blot. After release from the block, samples of cells were taken, ®xed, stained with propidium iodide and analysed using the FACS. 
